of the PFM through abdominal muscles for instruc-59 tion and re-education [7, 17] . While other studies have 60 reported that considering the effects of the abdomi-61 nal muscle contraction on the intra-abdominal pres-62 sure and thus descending of the levator plate [18] can 63 weaken the PFM even more in the long term [19] . 64 Therefore, it has been recommended that PFM con-65 traction alone might be more effective when rehabil-66 itating the PFM compared to abdominal muscles co-67 contraction [19, 20] . This controversy may be due to the 68 different types of abdominal muscle contraction used 69 in different studies or the included samples.
70
The abdominal hollowing (AH) and abdominal brac-71 ing (AB) maneuvers are commonly used to activate 72 and rehabilitate abdominal muscles. The AH maneu-73 ver is performed to activate deep abdominal mus-74 cles and involves gently drawing the lower abdomi-75 nal wall in toward the spine without moving spine or 76 pelvis [21, 22] . The emphasis of the AB maneuver is 77 on the activation of all the abdominal wall muscles 78 that create stiffness in the spinal column [22] . This is 79 achieved by instructing the participants to tighten their 80 abdominal wall and increase the lateral diameter of 81 their waist [22, 23] .
82
Real-time ultrasound imaging is a reliable and valid 83 method and has been recently used to evaluate mus-84 cle structure, size, motion and activity [24] . Recently, 85 an interest in the use of trans-abdominal (TA) ultra-86 sound to evaluate PFM contraction has developed. This 87 method has been established as a completely safe, non-88 invasive, reliable and comfortable technique for par-89 ticipants [13] . In this imaging method, the amount of 90 movement of the bladder based on the TA ultrasound is 91 considered as an indicator of the PFM mobility during 92 muscle contraction [13, 14, 19] .
93
To our knowledge, no study has directly evalu-94 ated the PFM function with abdominal muscles' co-95 contraction during different maneuvers in participants 96 with and without chronic LBP by measuring the TA ul-97 trasound. The aim of this study is to evaluate the PFM 98 function using TA ultrasound in participants with and 99 without chronic LBP and in the following three condi-100 tions of exercise: 1) simple PFM contraction, 2) PFM 101 contraction with AH maneuver and 3) PFM contraction 102 with AB maneuver. We hypothesized that PFM con-103 traction alone created a larger bladder base displace-104 ment compared to the PFM contraction with abdomi-105 nal maneuvers in patients with LBP. 
Materials and methods

107
The study design was a two-factor mixed design to Trans-abdominal ultrasound measurement: the 168 pelvic floor elevation was measured using diagnostic 169 ultrasound imaging unit set in the B-mode (Ultrasonix-170 ES500, Canada) with a 3.5 MHz curved array trans-171 ducer. Ultrasound measured the amount of the bladder 172 base movement as an indicator of the PFM contrac-173 tion [13, 14, 19] . The transducer was placed suprapupi-174 cally, on the lower abdomen, in the transverse plane 175 and angled in a caudal/posterior direction at about 15-176 30 degrees from the vertical direction to obtain a clear 177 image of the inferior-posterior aspect of the bladder. To 178 provide clear images of the bladder base, a standard-179 ized bladder filling protocol was used prior to imag-180 ing. 600-750 ml of water was consumed by the partic-181 ipants in a one hour period, half an hour prior to the 182 test. The participants were evaluated in a crook-lying 183 supine position with one pillow underneath their head 184 and the hips and knees flexed to approximately 60 de-185 grees with the lumbar spine positioned in an approx-186 imately neutral position. At the rest position, during 187 the test, a marker was first placed on the screen at the 188 clearly defined edge of the bladder base, in the region 189 of the greatest displacement during the PFM contrac-190 tion. The participants were asked to perform maximal 191 PFM contraction in the three conditions. First, in the 192 instruction, participants were learned to tighten their 193 PFM correctly, like when they try to stop the flow of 194 urine, for several times. Then, progressive instructions 195 with ultrasound biofeedback were given to participants 196 to appropriately hold maximal PFM contraction alone, 197 with AH and AB maneuvers for three seconds. til the participants could not learn completely the in- 
Results
232
The sample demographic data collected from with 233 and without LBP subjects are summarized in Table 1 .
234
There was no statistically significant difference in 235 height (P = 0.36), gender (P = 0.31), and significant Table 2 .
242
The result of two-way mixed-design ANOVA show- statistically significant in both groups, this meaningful 247 effect was not visible in participants with and without 248 LBP (p = 0.28).
249
There were no significant differences in TA ultra-250 sound measurements of the bladder base displacement 251 between participants with and without chronic LBP 252 during the simple PFM contraction (P = 0.60), the 253 PFM contraction with AH maneuver (P = 0.12) or the 254 PFM contraction with AB maneuver (P = 0.54) (Ta-255 ble 2).
256
In participants with no chronic LBP, our data re-257 vealed that PFM contraction alone produce signifi-258 cantly greater displacement (in the cranio-ventral di-259 rection) than contraction of the PFM with AH (p < 260 0.0001) or AB (p < 0.0001). However, PFM con-261 traction with AH produced significantly greater dis-262 placement than contraction of the PFM with AB (p < 263 0.0001).
264
In participants with LBP, the contraction of the sim-265 ple PFM produced significantly greater cranialventral 266 displacement than the contraction of the PFM with AH 267 (P = 0.005) or AB (p = 0.001). However, there was 268 no significant difference between the contraction of the 269 PFM with AH and AB (p = 0.31). 
Discussion
271
We hypothesized that bladder base in the condi-272 tion of PFM contraction alone was displaced more 273 than condition of PFM contraction with abdominal 274 maneuvers in the patients with LBP. The result of 275 present study supports this hypothesis. The results of 276 File: bmr-1-bmr620.tex; BOKCTP/ljl p. 5 the present study demonstrated that PFM contraction with AH maneuver [19, 20] . However, similar findings tivation of the PFM during abdominal muscles contrac-317 tion in healthy participants, in this study, the volun-318 tary PFM contraction with and without abdominal ma-319 neuvers was compared in participants with and with-320 out chronic LBP using ultrasound. However, the trans-321 abdominal ultrasound method used in this study has 322 been shown to have a high reliability [13, 27] .
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323
The present study demonstrated that although no 324 significant difference was found in the TA ultrasound 325 measurements of the PFM activity between partici-326 pants with and without LBP during PFM contraction 327 alone (P = 0.60), PFM with AH maneuver (P = 0.12) 328 or PFM with AB maneuver (P = 0.54). Our data re-329 vealed that between group difference was greater dur-330 ing the PFM contraction with AH (0.10) compared to 331 simple PFM contraction or PFM with the AB maneu-332 ver. Although in healthy participants, the PFM with 333 AH was significantly more effective in elevating the 334 bladder base compared to the PFM contraction with 335 AB, participants with chronic LBP demonstrated no 336 significant difference in this regard between the PFM 337 contraction with the AH maneuver and the PFM con-338 traction with the AB maneuver. This may be due to the 339 poor functioning of the TrA muscle in subjects with 340 chronic LBP. There is substantial evidence showing 341 primary muscular impairment and the altered motor 342 control strategy of deep local muscles such as the TrA 343 in patients with chronic LBP [29] . It is possible that 344 the alteration in the pattern of abdominal muscles re-345 cruitment visible in chronic LBP patients causes them 346 to not coordinate effectively together with the PFM ac-347 tivity [4, 5, 29] .
348
The fact that no significant difference was found be-349 tween the two groups in the PFM activity with and 350 without abdominal muscles contraction might be at-351 tributed to various factors such as the selection cri-352 teria, pain intensity, and the participants' lifestyle. In 353 this study, the patients who experienced pain during 354 the testing procedure were excluded from the study as On the otherwise, the finding of our study discrimi- sure biofeedback was used to standardize the abdom-408 inal maneuvers. Another area of concern in this study 409 was that the voluntary PFM contraction was assessed 410 alone or with abdominal maneuvers. It is suggested to 411 investigate the automatic activation of the PFM con-412 traction when performing abdominal maneuvers. Fur-413 ther research would be required to evaluate the use of 414 another ultrasound unit at the lateral abdominal wall to 415 simultaneously visualize the abdominal muscle's con-416 traction during the AH and AB maneuvers. 
